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INTRODUCTION 

This paper reports the results of the second part of a study of the 
composition and apparent digestibility by sheep of pea and lima-bean 
vines ^ that were preserved by artificial dehydration. The first part 
of the investigation was concerned primarily with hemicellulose and 
related compounds {H) t ^^^^ paper has to do with the apparent 
digestibility of lignin. 

WORK OF OTHER INVESTIGATORS 

It is generally accepted that lignin is the least digestible portion of 
the structural constituents of plant material (7). Some investigators 
claim that lignin is in part digested by animals, others maintain that 
it is undigested. Csonka and coworkers (^) concluded, from an ex- 
periment in which alkali lignin was fed to cows and dogs, that lignin 
was at least partly broken down by the digestive processes of the 
animal body. Maynard (9) found that digestion of lignin by rabbits 
and guinea pigs fed alfalfa hay was practically nil, but that a lamb 
digested 28 percent of the lignm from the same hay. Louw (7) re- 
ported that with sheep the digestibility coeificient of lignin was 24.5 
in grass of 1 month's growth, whereas in grass of 4 months' growth 
it was only 11.6. In a later experiment in which hay was fed to sheep 
at daily levels of 600, 800, and 1,000 gm., Louw {S) found that the 
digestibility coefficients were 15.6, 12.4, and 16.4, respectively. Lan- 
caster {6) obtained digestibility coefficients ranging from —40.5 for 
a sample of rape to +32.4 for turnips, in a series of metabolism trials 
with sheep. In a metabolism experiment in which several different 
forage plants were fed to sheep, Bondi and Meyer {1) obtained di- 
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gestibility coefficients that ranged from 35.1 to 64, indicating that 
the sheep digested lignin comparatively well. Among the investiga- 
tors who reported that lignin is indigestible are Eogozinski and 
Starzewska {12) and Naumann {10), Crampton and Maynard {3) 
recovered 97.8 and 99.3 percent of the dietary lignin in the feces of 
rabbits and a steer, respectively, and in a later paper Crampton (^) 
reported that lignin was not only poorly digested but also that it 
interfered with the digestibility of other constituents of the plant 
material. 

MATERIAL AND METHODS 

The pea and lima-bean vines used in this study were obtained from 
a cannery in Pennsylvania. They were dehydrated in a commercial 
dryer and shipped to the Agricultural Kesearch Center at Belts- 
ville, Md. 

Lignin determinations were made by the method of Davis and 
Miller (5). This method includes both enzymatic and chemical 
treatment. The material was first extracted with ether and then 
digested by pepsin, clarase, and trypsin. The residue from these 
digestions was analyzed for lignin by the 72-percent sulfuric acid 
method. The analytical procedure was the same for both feed and 
feces. Complete analyses for pea and lima-bean vines were reported 
in the previous paper {11), 

The feeding trials were conducted during the winter of 1942. 
Four yearling and 2-year-old Hampshire ewes were used. During 
a preliminary period alfalfa hay was mixed with the pea and lima- 
bean vines, but the amount of alfalfa hay was gradually reduced 
until the entire feed consisted of pea or lima-bean vines. The animals 
were placed in metabolism cages a few days prior to the experi- 
mental period and confined there throughout the test. The experi- 
mental period was 10 days. Details of the procedure are given in 
the previous paper. 

EXPERIMENTAL RESULTS 

The lignin content of the lima-bean vines was slightly greater than 
that of the pea vines, the average lignin content being 6.42 and 6.05 
percent, respectively. Owing to the fact that the sheep picked over 
the feed and left the coarser parts, the lignin content of the refused 
feed was higher in both cases than that of the original feed. This 
effect was more pronounced in the refused pea vines, which had an 
average lignin content of 8.2 percent as compared with 7.6 percent 
for the refused lima-bean vines. 

The digestibility data are given in table 1. As shown in the table, 
the lignin in pea vines was digested more readily by sheep than the 
lignin in lima-bean vines. In every trial when the same sheep was 
fed both feeds, the digestibility of the pea-vine lignin was greater. 
Incidentally, as shown in the table, the average digestibility of the 
dry matter in the lima-bean vines was slightly higher than in the 
pea vines. 
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TABLE 1.—Digestibility hy sheep of dry matter and lignin in pea and lima-hean 
vines ^ 

Pea vines Lima-bean vines 

Item Dry 
matter Lignin Item Dry 

matter Lignin 

Sheep No. 6V: 
Fed grams.. 
Consumed do  
Digested do  
Digested per cent. . 

Sheep No. 17U: 
Fed grams.. 
Consumed do  
Digested- do  
Digested T)ercent.. 

Sheep No. 18V: 
Fed grams.- 
Consumed do  
Digested do  

~D igested percent.. 
Sheep No. 42V: 

Fed grams.- 
Consumed do  
Digested do  
Digested percent. . 

16, 000 
13, 046 
8,274 
63.4 

16,000 
11, 218 
7,354 
65.5 

16,000 
13, 795 
8,477 
61.4 

16, 000 
12, 045 
7,568 
62.8 

924.8 
693.8 
105.9 
15.26 

924.8 
554.2 
89.4 

16.13 

i,on.2 
820.5 
132.4 
16.14 

1,011.2 
671.9 
117.2 
17.44 

Sheep No. 6V: 
Fed grams.. 
Consumed do  
Digested do  
Digested percent.. 

Sheep No. 17U: 
Fed grams.. 
Consumed do  
Digested do  
Digested percent.. 

Sheep No. 18V: 
Fed grams.. 
Consumed do  
Digested do  
Digested- percent.. 

Sheep No. 19U: 
Fed grams.. 
C onsumed do  
Digested do  
D igested percent. _ 

Average percent di- 
gested by the 4 sheep. 

16,000 
11,409 
7,386 
64.7 

16,000 
9,886 
6,341 
64.1 

16,000 
12, 590 
7,908 
62.8 

16,000 
8,817 
5,976 
67.8 

1,012.8 
651.9 
27.9 
4.28 

1,012.8 
567.1 
64.4 

n.36 

1, 040.0 
784.6 
121.2 
15.45 

1.040. 0 
484.0 

55.6 
n.49 

Average percent di- 
gested by the 4 sheep. 

63.3 16.2 64.8 10.6 

1 Included pods. 

As shown also in the table, the sheep consumed a smaller quantity 
of lima-bean vines than of pea vines, presumably because the stems 
of the former were coarser and more woody. Less lignin was con- 
sumed in the lima-bean vines than in the pea vines in spite of the 
fact that the percentage of lignin in the former was slightly higher. 

SUMMARY 

In a study conducted at the Agricultural Eesearch Center, Belts- 
ville, Md., pea vines and lima-bean vines (including the empty pods) 
obtained as byproducts from a cannery were fed in the dehydrated 
state to four yearling and 2-year-old Hampshire ewes. The appar- 
ent digestibility of lignin in each of these products was determined 
in a 10-day test period during which these feeds were given to the 
same group of animals. The digestion coefBcients of the lignin in the 
pea vines was 16.2 percent and that in the lima-bean vines, 10.6 
percent. 

LITERATURE  CITED 

(1) BONDI, A. H., and MEYER, H. 
1943.   ON   THE   CHEMICAL   NATURE   AND   DIGESTIBILITY   OF   ROUGHAGE   CARBO- 

HYDRATES.    Jour. Agr. Sei. [England] 33: [123]-128. 
(2) CRAMPTON, E. W. 

1939. PASTURE STUDIES XIV T THE NUTRITIVE VALUE OF PASTURE HERBAGE . . . 
Sei. Agr. 19: 345-357, iUus. 

(3) and MAYNARD, L. A. 
1938.   THE  RELATION   OF  CELLULOSE AND LIGNIN   CONTENT  TO  THE   NUTRITIVE 

VALUE OF ANIMAL FEEDS,    JouT, Nutr. 15: 383-395. 



288 Journal of Agricultural Research  Voi. 74, Nos. 9 & 10 

(4) CsoNKA, F. A., PHILIPS, M., and JONES, D. B. 
1929. STUDIES ON LiGNiN METABOMSM.   Jour. Biol. Chem. 85: 65-75. 

(5) DAVIS, R. E., and MILLER, C. O. 
1939. PARTITION  OF  THE  LESS  EASILY  DIGESTED CARBOHYDRATE C50MPLEX  OF 

FORAGES.   Indus, and Engin. Chem., Analyt. Ed. 11: 651-652. 
(6) LANCASTER, R J. 

1943. METABOLISM TRIALS WITH NEW ZEALAND FEEDING-STUFFS.   IV.   THE 
RELATIVE SIGNIFICANCE OF LIGNIN, CELLULOSE, AND CRUDE FIBRE IN 
THE EVALUATION OF FOODS. New Zeal. Jour. Sei. and Technol. 25 : 
137-151. 

(7) Louw, J. G. 
1941. THE RELATIVE DIGESTIBILITY OF THE CONSTITUTENTS OF THE CARBOHY- 

DRATE COMPLEX OF GRASSES AT SUCCESSIVE STAGES OF GROWTH WITH 
REFERENCE TO THEIR PARTITION INTO CRUDE- FIBRE AND NITROGEN-FREE 
EXTRACT   ACCORDING   TO  THE   STANDARD  METHOD FOR FEÎEDING   STUFF 
ANALYSIS. Onderstepoort Jour. Vet. Sei. and Anim. Indus. 17: 
165-179. 

(8)  . 
1944. THE NUTRITIVE VALUE OF SOUTH AFRICAN FEEDING STUFFS II. DIGEST- 

IBLE NUTRIENTS AND METABOLIZABLE ENERGY OF LUCERNE HAY AT 
DIFFERENT PLANES OF INTAKE FOR SHEEP.     OuderstepOOrt JOUr. Vet. 
Sei. and Anim. Indus. 20: 85-95. 

(9) MAYNARD, L. A. 
1940. NITROGEN-FREE    EXTRACT    IN    ANIMAL    NUTRITION.     AsSOC.    Off.    Agr. 

Chem. Jour.   23: 156-161. 
(10) NAUMANN, K. 

1940. BEITRäGE ZUR KENNTNIS DER VERDAULICHKEIT DER PFLANZLICHEN ROH- 
FASER UND IHRER BESTANDTEILE. Ztschr. f. Tierernähr, u. Futter- 
mittelk. 3: [193]-246, illus. 

(11) PHILLIPS, M., MILLER,, C. O., and DAVIS, R. E. 
1946. COMPOSITION AND APPARENT DIGESTIBILITY OF THE CARBOHYDRATE AND 

OTHER  CONSTITUENTS   OF  PEA   AND  LIMA-BEAN   VINES   WHEN   FED   TO 
SHEEP.    Jour. Agr. Res. 73: 177-187. 

(12) RoGOziNSKi, F., and STARZEWSKA, M. 
1928.   o  TRAWIENIU LIGNIN Y PREZEZ  ZWIERZETA  PRZ^ZUW^ JACE.    Acta Biol. 

Expt. 1  (8) :  [l]-9.    [Abstract in Chem. Abs. 23: 3012.    1929.] 

U. S. GOVERNMENT PRINTING  OFFICE: 1947 



INFORMATION IN REGARD  TO THE POLICY OF THE JOURNAL 
OF AGRICULTURAL RESEARCH AND SUGGESTIONS TO AUTHORS 

1. The Journal accepts articles only from the United States Department of 
Agriculture and the State agricultural experiment stations. 

2. Each article submitted must bear the formal approval of the chief of the 
department bureau or the director of the experiment station from which it 
emanates. The letter of transmittal must state that the manuscript has been 
read and approved by one or more persons (named) familiar with the subject; 
that the data as represented by the tables, graphs, summaries, and conclusions 
have been approved from the statistical viewpoint by someone (named) compe- 
tent to judge, and that the computations have been verified. 

3. Manuscripts originating at the State agricultural experiment stations should 
be forwarded to the chairman of the committee acting for the Association of 
Land-Grant Colleges and Universities, and those originating in the Department 
should be transmitted to the Division of Publications, which will forward them 
for approval to the committee, acting for the Department. Each manuscript is 
numbered and edited in the order received. 

4. The Style Manual of the Government Printing Office and Webster's New 
International Dictionary are followed in matters of orthography, capitalization, 
and hyphenation. 

5. A recent copy of the Journal should be consulted and followed as to style, 
especially in regard to tables, illustrations, and literature citations. 

6. Paper 8 x 10}^ or 8^ x 11 inches, of good grade and medium weight, should 
be used. 

7. All material except tables and quotations of more than three lines should 
be double-spaced.    These may be single-spaced. 

8. A table of contents properly indented to show the intended relationship 
between the different headings should accompany the manuscript. 

9. Following the name of the author on the first page there should be given 
his official title and the name of the division, bureau, or station with which he 
is connected. 

10. Each page of the manuscript should be numbered and should begin with 
a new paragraph; that is, no paragraph should carry over from one page to the 
next unless it is longer than one page. 

11. Each footnote should be inserted in the text immediately after the line 
bearing the footnote reference. 

12. Each table should be typed on a separate sheet, or on several if necessary. 
The page (or pages) carrying the table should immediately follow that containing 
the first reference to it. Each table should be referred to in the text and be 
numbered in the order of reference. 

13. The illustrations in the Journal are usually shown as text figures, but 
to bring out fine detail plates may be used. Text figures and plates are each 
numbered in the order of reference. Each text-figure legend should be inserted 
in the text underneath the line carrying the first reference to it. Legends for 
plates should accompany the manuscript but should nob be inserted in the text. 
All legends should be double-spaced and furnished in duplicate. 

14. The major parts or units of illustrations are designated by capital italic 
letters; the subparts or subunits by lower-case italic letters. No final lettering 
on illustrations should be attempted, particularly on photographs. All lettering 
and necessary drafting will be done in the Section of Illustrations of the Division 
of Publications. Required letterings or markings should be indicated in the 
margins or lightly in pencil on the illustrations. 

15. Graphs should be sent in final form, if possible, except for the lettering. 
If prepared in tentative form the curves and bars should be carefully indicated 
so that they may be accurately redrawn. 

16. The plate or figure number and the title of the accompanying manuscript 
should be lightly written (not typed) on the back of each illustration. All photo- 
graphs should be submitted unmounted, enclosed in an envelope. 

17. Only references cited in the text should be listed in the literature citations. 
If there are seven or more they should be given at the end of the paper under 
the heading "Literature Cited." If fewer than seven they should be given as 
footnotes. All numbers referring to literature citations should be enclosed in 
parentheses in the text. The footnote reference to the first citation in the manu- 
script should be worded as follows: '^Italic numbers in parentheses refer to Liter- 
ature Cited, p. —."    Material under Literature Cited should be double-spaced. 

18. For further information consult Miscellaneous Publication No. 3 issued 
by the Joint Committee on Policy and Manuscripts. It may be obtained from 
the Division of Publications, United States Department of Agriculture. 




